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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. pa-
tent application number 16/698,751, "Scanner for Differ-
entiating Objects Detected Behind an Opaque," filed
November 27, 2019; this U.S. patent application is as-
signed to the assignee hereof.

FIELD

[0002] The present invention relates to the field of
scanners for differentiating one or more objects detected
behind an opaque surface.

BACKGROUND

[0003] As an example, stud finders have been com-
monly used in construction and home improvement in-
dustries. FIG. 1 illustrates a side view of a conventional
scanner. As shown in FIG. 1, a scanner 102 may be used
in a construction and home improvement environment
100. For example, scanner 102 may be configured to
detect an object 101 behind an opaque surface 103. In
some exemplary applications, object 101 may be a stud,
an electrical wire, or a metal pipe. In one exemplary
embodiment, the stud may be a wooden stud, vertical
wooden element, bridging block, fire block, or any other
block, joists, rafters, headers, posts, columns, let brace,
or any similar wooden element used for integrity, fabrica-
tion, or maintenance of a structural element. In one
exemplary embodiment, opaque surface 103 may be,
for example, a wall covered with drywall, particle board,
or plywood; as an example, a floor with opaque material
attached to structural members; as an example, a ceiling
with an opaque surface, attached to rafters; or any other
opaque surface behind which objects are not visible
through the surface.

[0004] In one exemplary embodiment, scanner 102
may include a housing to enclose and protect various
electronic components. For example, within the housing
of the scanner 102, it may include a printed circuit board
(PCB) 104, which can be configured to hold the various
electronic components, such as one or more capacitive
sensor(s) 108, one or more metal sensors 109, one or
more current sensors (not shown), a controller/processor
and other integrated circuits (labelled as 106a and 106b).
The PCB 104 may be coupled to a battery 107, which
provides power to the scanner 102. In conventional ap-
plications, the one or more capacitive sensor(s) 108, one
or more metal sensors 109, and one or more current
sensors are typically operated individually or separately.
However, such conventional applications may be insuffi-
cient to address the complexity of differentiating one or
more objects behind the opaque surface 103.

[0005] Therefore, thereis aneed forascannerthatcan
address the above drawbacks of the conventional scan-
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ner in differentiating one or more objects detected behind
an opaque surface.

Attention is drawn to DE 10 2004 007314 A1 describing a
method for locating objects enclosed in a medium, in
which a first, high-frequency detection signal is gener-
ated by means of at least one capacitive high-frequency
sensor, which engages in the medium to be examined, so
that information about an object enclosed in the medium
is obtained by measuring and evaluating the first detec-
tion signal, in particular by measuring the impedance of
the capacitive sensor device. It is proposed that at least
one further, second detection signal is evaluated to ob-
tain information about the object enclosed in the medium.
Further attention is drawn to US 2019/021631 A1 de-
scribing a handheld device for locating a foreign body in
or beneath a patient’s skin comprises one or more sen-
sors that each generate a magnetic or electromagnetic
field and a signal reflecting the location and/or size and/or
depth of aforeign body and a processor that receives and
processes each signal and generates a signal to an
operatively connected display. The display that receives
the display signal shows the location and/or size and/or
depth of the foreign object.

SUMMARY

[0006] The present invention is set forth in the inde-
pendent claims. Further embodiments of the invention
are described in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The aforementioned features and advantages
of the invention, as well as additional features and ad-
vantages thereof, will be more clearly understandable
afterreading detailed descriptions of embodiments of the
invention in conjunction with the non-limiting and non-
exhaustive aspects of the following drawings. Like num-
bers are used throughout the disclosure.

FIG. 1 illustrates a side view of a conventional scan-
ner.

FIG. 2A illustrates a top view of an exemplary em-
bodiment for differentiating one or more objects de-
tected behind an opaque surface according to as-
pects of the present invention.

FIG. 2B illustrates a front view of the exemplary
embodiment of FIG. 2A for differentiating one or
more objects detected behind an opaque surface
according to aspects of the present invention.

FIG. 2C illustrates a first set of sensor data collected
by the scanner of FIG. 2B according to aspects of the
present invention.

FIG. 2D illustrates a second set of sensor data
collected by the scanner of FIG. 2B according to
aspects of the present invention.

FIG. 3Allustrates a front view of another exemplary
embodiment for differentiating one or more objects
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detected behind an opaque surface according to
aspects of the present invention.

FIG. 3B illustrates an exemplary embodiment of
determining an estimated region of an object of
FIG. 3A according to aspects of the present inven-
tion.

FIG. 3C illustrates another exemplary embodiment
of determining an estimated region of another object
of FIG. 3A according to aspects of the present in-
vention.

FIG. 3D illustrates an exemplary embodiment of
displaying the estimated regions of the different ob-
jects of FIG. 3A according to aspects of the present
invention.

FIG. 4A illustrates a front view of yet another ex-
emplary embodiment for differentiating one or more
objects detected behind an opaque surface accord-
ing to aspects of the present invention.

FIG. 4B illustrates an exemplary embodiment of
determining an estimated region of an object of
FIG. 4A according to aspects of the present inven-
tion.

FIG. 4C illustrates another exemplary embodiment
of determining an estimated region of another object
of FIG. 4A according to aspects of the present in-
vention.

FIG. 4D illustrates an exemplary embodiment of
displaying the estimated regions of the different ob-
jects of FIG. 4A according to aspects of the present
invention.

FIG. 5A illustrates a top view of yet another exemp-
lary embodiment for differentiating one or more ob-
jects detected behind an opaque surface according
to aspects of the present invention.

FIG. 5B illustrates a front view of the exemplary
embodiment of FIG. 5A for differentiating one or
more objects detected behind an opaque surface
according to aspects of the present invention.

FIG. 5C illustrates estimated exemplary regions of
the different objects of FIG. 5B according to aspects
of the present invention.

FIG. 5D illustrates an exemplary embodiment of
displaying the estimated regions of the different ob-
jects of FIG. 5C according to aspects of the present
invention.

FIG. 6A illustrates a top view of an exemplary em-
bodiment for differentiating one or more objects de-
tected behind an opaque surface using sensor data
from different sensors according to aspects of the
present invention.

FIG. 6B illustrates a front view of the exemplary
embodiment of FIG. 6A for differentiating the de-
tected object according to aspects of the present
invention.

FIG. 6C illustrates an exemplary embodiment of
determining a distance between the scanner and
the object of FIG. 6B according to aspects of the
present invention.
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FIG. 7A illustrates a top view of an exemplary em-
bodiment for detecting a metal object behind an
opaque surface using sensor data from different
sensors according to aspects of the present inven-
tion.

FIG. 7B illustrates a front view of the exemplary
embodiment of FIG. 7A for detecting the metal object
according to aspects of the present invention.

FIG. 7C illustrates an exemplary method of deter-
mining a distance between the scanner and the
metal object of FIG. 7B according to aspects of the
present invention.

FIG. 8 illustrates a block diagram of an exemplary
embodiment of a system for differentiating one or
more objects detected behind an opaque surface
using sensor data from different sensors according
to aspects of the present invention.

FIG. 9A illustrates a method of differentiating one or
more objects detected behind an opaque surface
using sensor data from different sensors according
to aspects of the present invention.

FIG. 9B illustrates a method of analyzing sensor data
to identify estimated regions of the objects detected
behind an opaque surface according to aspects of
the present invention.

FIG. 9Cillustrates a method ofinforming a user of the
objects detected behind an opaque surface accord-
ing to aspects of the present invention.

DESCRIPTION OF EMBODIMENTS

[0008] Methods and apparatuses are provided for dif-
ferentiating one or more objects detected behind an
opaque surface. The following descriptions are pre-
sented to enable a person skilled in the art to make
and use the invention. Descriptions of specific embodi-
ments and applications are provided only as examples.
Various modifications and combinations of the examples
described herein may be readily apparent to those skilled
in the art, and the general principles defined herein may
be applied to other examples and applications without
departing from the scope of the invention. Thus, the
present invention is not intended to be limited to the
examples described and shown, but to the appended
claims. The word "exemplary" or "example" is used here-
in to mean "serving as an example, instance, or illustra-
tion." Any aspect or embodiment described herein as
"exemplary" or as an "example" is not necessarily to be
construed as preferred or advantageous over other as-
pects or embodiments.

[0009] Some portions of the detailed description that
follow are presented in terms of flowcharts, logic blocks,
and other symbolic representations of operations on
information that can be performed on a computer system.
A procedure, computer-executed step, logic block, pro-
cess, etc., is here conceived to be a self-consistent
sequence of one or more steps or instructions leading
to a desired result. The steps are those utilizing physical
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manipulations of physical quantities. These quantities
can take the form of electrical, magnetic, or radio signals
capable of being stored, transferred, combined, com-
pared, and otherwise manipulated in a computer system.
These signals may be referred to at times as bits, values,
elements, symbols, characters, terms, numbers, or the
like. Each step may be performed by hardware, software,
firmware, or combinations thereof.

[0010] The drawings are presented for illustration pur-
poses, and they are not drawn to scale. In some exam-
ples, rectangles, circles or other shapes are used to
illustrate shapes of objects and their respective esti-
mated shapes of the objects. In real world applications,
the shapes of objects and their respective estimated
shapes of the objects may be irregular and may be in
any shapes or forms. Note that in the following figures, for
each object, a section of the object, not the entire object,
is shown. This also applies to the respective estimated
shape of each object.

[0011] FIG. 2A illustrates a top view of an exemplary
embodiment for differentiating one or more objects de-
tected behind an opaque surface according to aspects of
the present invention. As shown in FIG. 2A, the exemp-
lary embodiment may include a scanner 202 an opaque
surface 204, and one or more objects (labelled as 206,
208) behind the opaque surface 204. The scanner 202
may be configured to differentiate a variety of objects
detected behind the opaque surface, including but not
limited to, for example: 1) wood studs, wood joists, wood
rafters; 2) metallic objects; 3) electrical wires; or 4) other
objects. In the example of FIG. 2A, object 206 may be a
wood stud, object 208 may be a metal pipe, and object
220 may be a current source.

[0012] FIG. 2B illustrates a front view of the exemplary
embodiment of FIG. 2A for detecting different objects
behind an opaque surface according to aspects of the
presentinvention. In the example of FIG. 2B, the opaque
surface is not shown for simplicity. As shown in FIG. 2A
and FIG. 2B, the scan direction may be fromrightto left. A
person skilled in the art would understand that the scan
direction may be adjusted based on the working environ-
ment, the preference of the user, and the specific appli-
cation. In other words, the scan direction may be from left
to right, right to left, up to down, down to up, or diagonally.
In some applications, a user may perform multiple scans
and/or from multiple directions to improve the accuracy of
sensor data collected.

[0013] FIG. 2C illustrates a first set of sensor data
collected by the scanner of FIG. 2B according to aspects
of the present invention. In this example, the sensor data
may be collected by one or more capacitive sensors of
the scanner 202; and one or more items may be included
in a set. The signal may represent a change of capaci-
tance due to the change in the density of the objects
behind the opaque surface, which may include an indica-
tion of the density of object 206 and object 208. The
vertical axis represents a magnitude of the signal ob-
served by the capacitive sensors, and the horizontal axis
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represents a distance of the capacitive sensors from the
objects being detected. As the scanner 202 scans from
right to left (as shown in FIG. 2B), the magnitude of the
signal being observed by the capacitive sensors in-
creases, reaching a plateau when the scanner is approxi-
mately above the center of the objects. As the scanner
202 continues to move pass the center of the objects, the
magnitude of the signal being observed by the capacitive
sensors decreases.

[0014] According to aspects of the presentinvention, a
first reference signal strength (RS;) may be used to
identify the boundaries of object 206. For example, the
region between the two dashed lines 210a and 210b has
asignal strength at or above RS, and this region may be
estimated to be where object 206 is located. On the other
hand, the region outside of the two dashed lines 210a and
210b has a signal strength below RS, and this region
may be estimated to be where object 206 is not found.
When the signal magnitude detected by the capacitive
sensors reaches the first reference signal strength RS,
object 206 behind the opaque surface may be detected
and the boundaries of object 206 may be recorded, as
indicated by the dashed lines 210a and 210b in FIG. 2C.
[0015] Note that the first reference signal strength RS,
may be derived from empirical experimental data. The
first reference signal strength RS, may be programma-
ble, and may be revised via a software update even after
the scanner has been sold, the delivery methods of which
are well known to those skilled in the art. At the center of
the graph, the distance Dy, represent a minimum dis-
tance between the capacitive sensors of the scanner 202
and the approximate center of the objects. Note that
although a right to left scan is described in this example,
similar observations may be obtained by a scan from left
to right. In some applications, multiple scans from differ-
entdirections may be used to improve the accuracy of the
estimated boundaries of object 206.

[0016] FIG. 2D illustrates a second set of sensor data
collected by the scanner of FIG. 2B according to aspects
of the present invention. In the example of FIG. 2D, the
sensor data may be collected by one or more metal
sensors of scanner 202; and one or more items may
beincludedin a set. The signal may representa magnetic
field detected behind the opaque surface, primarily af-
fected by the existence of a metal object, such as object
208. The vertical axis represents a magnitude of the
signal observed by the metal sensors, and the horizontal
axis represents a distance of the metal sensors from
object 208. As scanner 202 scans from right to left (as
shown in FIG. 2B), the magnitude of the signal being
observed by the metal sensors increases, reaching a
plateau when the scanner is approximately above the
center of object 208. As scanner 202 continues to move
past the center of object 208, the magnitude of the signal
being observed by the metal sensors decreases.
[0017] According to aspects of the presentinvention, a
second reference signal strength (RS,) may be used to
identify the boundaries of object 208. For example, the
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region between the two dashed lines 212a and 212b has
asignal strength at or above RS,, and this region may be
estimated to be where object 208 is located. On the other
hand, the region outside of the two dashed lines 212a and
212b has a signal strength below RS,, and this region
may be estimated to be where object 208 is not found.
When the signal magnitude detected by the metal sen-
sors reaches the second reference signal strength RS,
object 208 behind the opaque surface may be detected,
and the boundaries of object 208 may be recorded, as
indicated by the dashed lines 212a and 212b in FIG. 2D.
[0018] Note that the second reference signal strength
RS, may be derived from empirical experimental data.
The second reference signal strength RS, may be pro-
grammable, and may be revised via a software update
even after the scanner 202 has been sold, the delivery
methods of which are well known to those skilled in the
art. At the center of the graph, the distance D\, repre-
sents a minimum distance between the metal sensors of
scanner 202 and the approximate center of object 208.
Note that although a right to left scan is described in this
example, similar observations may be obtained by a scan
from left to right. In some applications, multiple scans
from different directions may be used to improve the
accuracy of the estimated boundaries of object 208.
[0019] FIG. 3A illustrates a front view of another ex-
emplary embodiment for detecting different objects be-
hind an opaque surface according to aspects of the
present invention. As shown in FIG. 3A, the exemplary
embodiment may include a scanner 302 and one or more
objects (labelled as 304 and 306) behind an opaque
surface. Note that, for simplicity, the opaque surface is
not shown. Object 304 may be a wood stud, and object
306 may be a metal pipe. The scan direction may be from
left to right. The method described above in association
with FIG. 2Ato FIG. 2D may be employed to determine an
estimated region for each object behind the opaque sur-
face, which is not repeated here. In this example, rec-
tangle 314 represents an estimated region of object 304,
and circle 316 represents an estimated region of object
306.

[0020] FIG. 3B illustrates an exemplary method of
determining an estimated region of an object of FIG.
3A according to aspects of the present invention. As
shown in FIG. 3B, the method of determining the esti-
mated region of object 304 is used as an example.
Compared to the actual object 304, a first estimated
region 314a can be determined by employing the first
reference signal strength (RS, ) as described in associa-
tion with FIG. 2C. Since the first reference signal strength
may be programmable, for a wood stud, it can be pro-
grammed to provide the first estimated region 314ato be
smaller than the actual object 304. By choosing the first
estimated region 314a to be smaller than the actual
object 304, this approach can provide the benefit of
having a higher level of confidence that a wood stud is
hit when a user drills into the opaque surface.

[0021] Additionally or optionally, a second estimated
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region 314b can be determined by inserting a safety
margin. This safety margin is represented by the area
between the first estimated region 314a and the second
estimated region 314b. Various factors may be used to
determine the safety margin, including but not limited to:
1) type of material of the opaque surface; 2) humidity of
the environment; 3) temperature of the environment; or 4)
other factors that may affect the accuracy of determining
the estimated region of object 304. The safety margin
may add 2mm, 4mm, or other measurements on each
side of the first estimated region to form the second
estimated region based on the above factors and the
design criteria for the scanner. Depending on the appli-
cation, either the first estimated region 314a or the sec-
ond estimated region 314b may be used to represent the
estimated region of object 304.

[0022] FIG. 3C illustrates another exemplary method
of determining an estimated region of another object of
FIG. 3A according to aspects of the present invention. As
shown in FIG. 3C, the method of determining the esti-
mated region of object 306 is used as an example.
Compared to the actual object 306, a first estimated
region 316a can be determined by employing the second
reference signal strength (RS,) as described in associa-
tion with FIG. 2D. Since the second reference signal
strength may be programmable, for a metal pipe, it can
be programmed to provide the first estimated region 316a
to be larger than the actual object 306, for example larger
by 1 millimeter (mm), 3 mm, or other measurements on
each side of the first estimated region based on design
criteria for the scanner. By choosing the first estimated
region 316a to be larger than the actual object 306, this
approach can provide the benefit of having a higher level
of confidence that a metal object is missed when the user
drills into the opaque surface.

[0023] Additionally or optionally, a second estimated
region 316b can be determined by inserting a safety
margin. This safety margin is represented by the area
between the first estimated region 316a and the second
estimated region 316b. Various factors may be used to
determine the safety margin, including but not limited to:
1) type of material of the opaque surface; 2) humidity of
the environment; 3) temperature of the environment; or 4)
other factors that may affect the accuracy of determining
the estimated region of object 306. Depending on the
application, either the first estimated region 316a or the
second estimated region 316b may be used to represent
the estimated region of object 306.

[0024] FIG. 3D illustrates an exemplary implementa-
tion of displaying the estimated regions of the different
objects of FIG. 3A according to aspects of the present
invention. According to aspects of the presentdisclosure,
a user interface can mean any form of communication to
auser, including, but not limited to, visual (for example via
a display or one or more light emitting diodes), audible
(for example via a speaker) or sensory (for example via a
vibration). The information being communicated may be
displayed, streamed, stored, mapped, or distributed
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across multiple devices. Communication to the user can
mean either the user or any other person or object which
can receive communication. In one approach, when
multiple objects are detected, the method determines
regions where a single object is detected as well as
regions where multiple objects are detected. In the ex-
ample shown in FIG. 3D, metal pipe 326 may representa
region where multiple objects are detected (for example,
which region includes part of stud 324), and rectangle
324 (which includes part of metal pipe 326) may repre-
sent a region where a part of it has multiple objects (for
example, part of metal pipe 326 and part of stud 324) and
another part of it (excluding the remainder of metal pipe
326 and the region that includes both stud 324 and metal
pipe 326) has a single object.

[0025] Based on the above information, for the region
of metal pipe 326, the display may be configured to
display the multiple objects detected behind the opaque
surface for this region. For the region of stud 324 that
excludes metal pipe 326, the display may be configured
to display the single object detected behind the opaque
surface. In some implementations, for the region of metal
pipe 326, depending on the types of objects detected,
such as wood stud and metal pipe in this example, the
display may be configured to display nothing for the
region of metal pipe 326.

[0026] FIG. 4A illustrates a front view of yet another
exemplary embodiment for differentiating one or more
objects detected behind an opaque surface according to
aspects ofthe presentinvention. As shownin FIG. 4A, the
exemplary embodiment may include a scanner 402, and
one or more objects (labelled as 404 and 406) behind an
opaque surface. Note that the opaque surface is not
shown for simplicity. Object 404 may be a wood stud,
and object 406 may be an electrical wire. The scan
direction may be from left to right. The method described
above in association with FIG. 2A to FIG. 2D may be
employed to determine an estimated region for each
object behind the opaque surface, which is not repeated
here. In this example, rectangle 414 represents an esti-
mated region of object 404, and rectangle 416 represents
an estimated region of object 406.

[0027] FIG. 4B illustrates an exemplary method of
determining an estimated region of an object of FIG.
4A according to aspects of the present invention. As
shown in FIG. 4B, the method of determining the esti-
mated region of object 404 is used as an example.
Compared to the actual object 404, a first estimated
region 414a can be determined by employing the first
reference signal strength (RS,) as described in associa-
tion with FIG. 2C. Since the first reference signal strength
may be programmable, for a wood stud, for example, it
can be programmed to provide the first estimated region
414ato be smallerthan the actual object 404, forexample
smaller by 2mm, 4mm, or other measurements on each
side of the first estimated region based on design criteria
for the scanner. By choosing the first estimated region
414a to be smaller than the actual object 404, this ap-
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proach can provide the benefit of having a higher level of
confidence that a wood stud is hit when a user drills into
the opaque surface.

[0028] Additionally or optionally, a second estimated
region 414b can be determined by inserting a safety
margin. This safety margin is represented by the area
between the first estimated region 414a and the second
estimated region 414b. Various factors may be used to
determine the safety margin, including but not limited to:
1) type of material of the opaque surface; 2) humidity of
the environment; 3) temperature of the environment; or 4)
other factors that may affect the accuracy of determining
the estimated region of object 404. Depending on the
application, either the first estimated region 414a or the
second estimated region 414b may be used to represent
the estimated region of object 404.

[0029] FIG. 4C illustrates another exemplary method
of determining an estimated region of another object of
FIG. 4A according to aspects of the present invention. As
shown in FIG. 4C, the method of determining the esti-
mated region of object 406 is used as an example.
Compared to the actual object 406, a first estimated
region 416a can be determined by employing a third
reference signal strength (RS;) similar to the description
in association with FIG. 2D. The third reference signal
strength may be programmable. For example, for an
electrical wire, it can be programmed to provide the first
estimated region 416a to be larger than the actual object
406, for example larger by 3mm, 5 mm, or other mea-
surements on each side of the first estimated region
based on design criteria for the scanner. By choosing
the first estimated region 416a to be larger than the actual
object 406, this approach can provide the benefit of
having a higher level of confidence that an electrical wire
is missed when a user drills into the opaque surface.
[0030] Additionally or optionally, a second estimated
region 416b can be determined by inserting a safety
margin. This safety margin is represented by the area
between the first estimated region 416a and the second
estimated region 416b. Various factors may be used to
determine the safety margin, including but not limited to:
1) type of material of the opaque surface; 2) humidity of
the environment; 3) temperature of the environment; or 4)
other factors that may affect the accuracy of determining
the estimated region of object 406. The safety margin
may add 1mm, 3mm, or other measurements on each
side of the first estimated region to form the second
estimated region based on the above factors and the
design criteria for the scanner. Depending on the appli-
cation, either the first estimated region 416a or the sec-
ond estimated region 416b may be used to represent the
estimated region of object 406.

[0031] FIG. 4D illustrates an exemplary implementa-
tion of displaying the estimated regions of the different
objects of FIG. 4A according to aspects of the present
invention. In one approach, when multiple objects are
detected, the method determines regions where a single
object is detected as well as regions where multiple
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objects are detected. In the example shown in FIG. 4D,
rectangle 426 may represent a region where multiple
objects are detected, and rectangle 424 (which includes
part of rectangle 426) may represent a region where a
part of it has multiple objects (for example the region that
overlaps with rectangle 426) and another part of it (ex-
cluding the region that overlaps with rectangle 426) has a
single object.

[0032] Based on the above information, for the region
of the rectangle 426, the display may be configured to
display the multiple objects detected behind the opaque
surface for this region. For the region of the rectangle 424
that excludes the rectangle 426, the display may be
configured to display the single object detected behind
the opaque surface. In some implementations, for the
region of the rectangle 426, depending on the types of
objects detected, such as wood stud and electrical wire in
this example, the display may be configured to display
nothing for the region of the rectangle 426.

[0033] FIG. 5A illustrates a top view of yet another
exemplary embodiment for differentiating one or more
objects detected behind an opaque surface according to
aspects of the presentinvention. As shownin FIG. 5A, the
exemplary embodiment may include a scanner 502, an
opaque surface 504, and one or more objects (labelled as
506, 508, and 510) behind the opaque surface 504. The
scanner 502 may be configured to detect a variety of
objects behind the opaque surface, including but not
limited to: 1) wood studs; 2) metallic objects; 3) electrical
wires; or 4) other objects. In the example of FIG. 5A,
object 506 may be a wood stud, and object 508 may be a
metal pipe, and object 510 may be an electrical wire.
[0034] FIG. 5Biillustrates a front view of the exemplary
embodiment of FIG. 5A for detecting object(s) behind an
opaque surface according to aspects of the present in-
vention. In the example of FIG. 5B, the opaque surface is
not shown for simplicity. As shownin FIG.5Aand FIG. 5B,
the scan direction may be from right to left. A person
skilled in the art would understand that the scan direction
may be adjusted based on the working environment, the
preference of the user, and the specific application. In
other words, the scan direction may be from left to right,
right to left, up to down, down to up, or diagonally. In some
applications, a user may perform multiple scans and/or
from multiple directions to improve the accuracy of sen-
sor data collected.

[0035] FIG. 5C illustrates estimated regions of the
different objects of FIG. 5B according to aspects of the
present invention. Note that the method of determining
an estimated region of an object is described above, for
example in association with FIG. 3B and FIG. 3C, whichis
not repeated here. As shown in FIG. 5C, rectangle 516
represents an estimated region for stud 506, rectangle
518 represents an estimated region for metal pipe 508,
and rectangle 520 represents an estimated region for
electrical wire 510.

[0036] In this particular example, since the object 506
is a wood stud, the estimated region 516 can be config-
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ured to be smaller than stud 506, this approach can
provide the benefit of having a higher level of confidence
that a wood stud 506 is penetrated by a drill bit when a
user drills through the opaque surface. Since the object
508 is a metal pipe, the estimated region 518 can be
configured to be larger than metal pipe 508, this approach
can provide the benefit of having a higher level of con-
fidence that metal pipe 508 is missed when a user drills
through the opaque surface. Similarly, since the object
510 is an electrical wire, the estimated region 520 can be
configured to be larger than electrical wire 510, this
approach can provide the benefit of having a higher level
of confidence that electrical wire 510 is missed when a
user drills through the opaque surface.

[0037] FIG. 5D illustrates an exemplary implementa-
tion of displaying the estimated regions of the different
objects of FIG. 5C according to aspects of the present
invention. With the estimated region 516 being config-
ured to be smaller than stud 506 while the estimated
region 518 being configured to be larger than metal pipe
508, and the estimated region 520 being configured to be
larger than electrical wire 510. In some implementations,
the display may be configured to display the estimated
region for stud 506, represented by rectangle 526, and
display the estimated region for metal pipe 508, repre-
sented by rectangle 528, and display the estimated re-
gion for electrical wire 510, represented by the rectangle
530. In some other implementations, the display may be
configured to display the region under the rectangle 528
to include both metal pipe 508 and wood stud 506, and
display the region under the rectangle 530 to include both
electrical wire 510 and wood stud 506.

[0038] FIG. 6A illustrates a top view of an exemplary
embodiments for differentiating one or more objects de-
tected behind an opaque surface using sensor data from
different sensors according to aspects of the present
invention. In the example shown in FIG. 6A, the exemp-
lary embodiment may include a scanner 602, an opaque
surface 604, and one or more objects (labelled as 606)
behind the opaque surface 604. In the example of FIG.
6A, object 606 may be, for example, a metal pipe.
[0039] FIG. 6B illustrates a front view of the exemplary
embodiment of FIG. 6A for detecting the object according
toaspects of the presentinvention. Inthe example of FIG.
6B, the opaque surface is not shown for simplicity. As
shown in FIG. 6A and FIG. 6B, the scan direction may be
from left to right. A person skilled in the art would under-
stand that the scan direction may be adjusted based on
the working environment, the preference of the user, and
the specific application. In other words, the scan direction
may be from left to right, right to left, up to down, down to
up, or diagonally. In some applications, a user may per-
form multiple scans and/or from multiple directions to
improve the accuracy of sensor data collected.

[0040] FIG. 6C illustrates an exemplary method of
determining a distance between the scanner and the
object of FIG. 6B according to aspects of the present
invention. As shown in FIG. 6C, the vertical axis repre-
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sents a common reference point or a common reference
line from which a distance between scanner 602 and
metal pipe 606 is estimated. The horizontal axis repre-
sents a distance from the common reference point or the
common reference line. Scanner 602 may to configured
to collect sensor data as described above in association
with FIG. 2C and FIG. 2D. For example, based on the
sensor data collected by one or more capacitive sensors
of scanner 602, a first distance D,, representing a dis-
tance between scanner 602 and metal pipe 606, may be
estimated by the capacitive sensors.

[0041] In addition, based on the sensor data collected
by one or more metal sensors of scanner 602, a second
distance D,, representing a distance between scanner
602 and metal pipe 606, may be estimated by the metal
sensors. Note that although it is the same object (metal
pipe 606) behind opaque surface 604, the capacitive
sensors and the metal sensors may provide different
estimations with respectto the distance between scanner
602 and metal pipe 606. In this exemplary embodiment,
due to the presence of a large amount of metal, the metal
sensors may provide an estimated distance (e.g. D,) that
is shorter than the actual distance between scanner 602
and metal pipe 606. On the other hand, the capacitive
sensors may provide an estimated distance (e.g. D,) that
is closer to the actual distance between scanner 602 and
the metal pipe 606.

[0042] From both of the sensor data collected by the
capacitive sensors (not shown) and the sensor data
collected by the metal sensors (not shown), scanner
602 may be configured to derive a distance D for metal
pipe 606 from the common reference. Thus, by using the
sensor data collected by the capacitive sensors and the
sensor data collected by the metal sensors, scanner 602
will obtain an improved estimation of the distance be-
tween scanner 602 and metal pipe 606 in this example.
According to aspects of the present invention, both the
sensor data collected by the capacitive sensors and the
metal sensors may be collected in parallel in a one-pass
scan, or multiple sets of sensor data may be collected by
the capacitive sensors and the metal sensors in parallel
with multiple passes, respectively.

[0043] FIG. 7A illustrates a top view of an exemplary
embodiment for differentiating object(s), here a metal
screw 706 and stud 708, detected behind an opaque
surface using sensor data from different sensors accord-
ing to aspects of the present invention. As shown in FIG.
7A, the exemplary embodiment may include a scanner
702, an opaque surface 704, and one or more objects
(labelled as 706 (metal screw) and 708 (stud)) behind
opaque surface 704. In FIG. 7A, for example, object 706
may be a metal screw and for example, object 708 may be
a wood stud.

[0044] FIG. 7B illustrates a front view of the exemplary
embodiment of FIG. 7A for detecting the metal object
according to aspects of the present invention. As shown
inFIG.7Aand FIG. 7B, the scan direction may be from left
to right. A person skilled in the art would understand that
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the scan direction may be adjusted based on the working
environment, the preference of the user, and the specific
application. In other words, the scan direction may be
from left to right, right to left, up to down, down to up, or
diagonally. In some applications, a user may perform
multiple scans and/or from multiple directions to improve
the accuracy of sensor data collected.

[0045] FIG. 7C illustrates an exemplary method of
determining a distance between the scanner and the
metal object of FIG. 7B (screw 706) according to aspects
ofthe presentinvention. As shown in FIG. 7C, the vertical
axis represents a common reference point or a common
reference line from which a distance between scanner
702 and metal screw 706 and stud 708 is estimated. The
horizontal axis represents a distance from the common
reference point or the common reference line. Scanner
702 may be configured to collect sensor data as de-
scribed above in association with FIG. 2C and FIG.
2D. For example, based on the sensor data collected
by one or more capacitive sensors of scanner 702, a first
distance D4, representing a distance between scanner
702 and metal screw 706 and stud 708 may be estimated
by the capacitive sensors.

[0046] In addition, based on the sensor data collected
by one or more metal sensors of scanner 702, a second
distance D,, representing a distance between scanner
702 and metal screw 706, may be estimated by the metal
sensors. Note that the capacitive sensors and the metal
sensors may provide different estimations with respect to
the distance between scanner 702 and metal screw 706
based upon the relative size of the metal screw. In this
exemplary embodiment, due to the presence of metal,
the metal sensors may provide an estimated distance
(e.g. D,)thatis different from the actual distance between
scanner 702 and metal screw 706. On the other hand, the
capacitive sensors may provide an estimated distance
(e.g. D4) that may be closer to the actual distance be-
tween scanner 702 and metal screw 706.

[0047] From both of the sensor data collected by the
capacitive sensors and the sensor data collected by the
metal sensors, scanner 702 may be configured to derive
a distance D5 for metal screw 706. Thus, by using the
sensor data collected by the capacitive sensors and the
sensor data collected by the metal sensors, scanner 702
may be able to obtain an improved estimation of the
distance between scanner 702 and metal screw 706 in
this example. According to aspects of the present inven-
tion, both the sensor data collected by the capacitive
sensors and the metal sensors may be collected in
parallel in a one-pass scan, or multiple sets of sensor
data may be collected by the capacitive sensors and the
metal sensors in parallel with multiple passes, respec-
tively.

[0048] FIG. 8 illustrates a block diagram of an exemp-
lary embodiment of a system for differentiating one or
more objects detected behind an opaque surface using
sensor data from different sensors according to aspects
of the presentinvention. In the exemplary system shown
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in FIG. 8, a controller 802 may be configured to process
sensor data collected by sensors of the scanner, namely
sensor data collected by capacitive sensors 804, metal
sensor 806, and current sensor 808. The controller is
further configured to determine information about the
detected objects behind the opaque surface based on
the sensor data collected by capacitive sensors 804,
metal sensor 806, and/or current sensor 808 in parallel.
The controller may include one or more processors. A
display 810 is configured to provide information about the
detected objects to a user.

[0049] According to aspects of the disclosure, the
functional blocks described in the system of FIG. 8
may be implemented in an integrated device such as
scanner 202 of FIG. 2A. In other implementations, the
capacitive sensors 804, metal sensors 806, and current
sensor 808 may reside in one device, while the controller
802 and the display 810 may reside in another device. For
example, a scanner device may include the sensors, and
the sensor data collected by the scanner device may be
wirelessly communicated to a second device. The sec-
ond device, for example a smartphone, a tablet, or a
laptop, may include the controller 802 and the display
810. In yet other implementations, the controller 802, the
capacitive sensors 804, metal sensors 806, and current
sensor 808, may reside in one device, while the display
810 may reside in another device. For example, a scan-
ner device may include the controller 802 and the sen-
sors, and the sensor data collected by the scanner device
may be wirelessly communicated to a second device.
The second device, for example a monitor, may be con-
figured to receive and display the sensor data.

[0050] According to aspects of the present disclosure,
examples of capacitive sensors and methods of operat-
ing the same are described in U.S. Patent 5,619,128,
entitled "STUD SENSOR WITH OVER-STUD MISCALI-
BRATION VIA CIRCUIT WHICH STORES AN INITIAL
CALIBRATION DENSITY, COMPARES THAT TO A
CURRENT TEST DENSITY AND OUTPUTS RESULT
VIA INDICATOR." Examples of metal sensors and meth-
ods of operating the same are described in U.S. Patent
7,812,722, entitted " DUAL ORIENTATION METAL
SCANNER." Examples of current sensors and methods
of operating the same are described in U.S. Patent
6,933,712, entitled " ELECTRICAL CIRCUIT TRACING
AND IDENTIFYING APPARATUS AND METHOD," In
one exemplary embodiment, current sensors may be
alternating current sensors. In another exemplary embo-
diment, current sensors may be able to detect the static
magnetic field of or associated with direct current.
[0051] FIG. 9A illustrates a method of differentiating
one or more objects detected behind an opaque surface
using sensor data from different sensors according to
aspects of the present invention. As shown in FIG. 9A, in
block 902, the method collects, in parallel, sensor data of
the one or more objects behind an opaque surface, by a
plurality of sensors controlled by one or more processors.
In block 904, the method analyzes, by the one or more
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processors, the sensor data to identify estimated regions
of the one or more objects behind the opaque surface. In
block 906, the method differentiates, by the one or more
processors, the estimated regions of the one or more
objects behind the opaque surface. In block 908, the
method informs a user, by the one or more processors,
of the one or more objects within the estimated regions
behind the opaque surface.

[0052] According to aspects of the present disclosure,
the plurality of sensors may include at least a first set of
sensors configured to detect a first type of material and a
second set of sensors configured to detect a second type
of material; and the estimated regions include a first
estimated region of the first type of material and a second
estimated region of the second type of material. The first
set of sensors may include one or more capacitive sen-
sors and the first type of material include wood studs; and
the second set of sensors may include one or more metal
sensors and the second type of material include metal
objects. The plurality of sensors may further include a
third set of sensors configured to detect a third type of
material; where the third set of sensors includes one or
more current sensors and the third type of material in-
clude electrical wires. According to aspects of the present
disclosure, a set of sensors may include one or more
sensors in the set.

[0053] The method of collecting sensor data includes
mapping the sensor data of the one or more objects
behind the opaque surface with respect to a common
reference point. The method of differentiating the esti-
mated regions of the one or more objects behind the
opaque surface includes determining an overlap region
between the first estimated region and the second esti-
mated region.

[0054] FIG.9Billustrates a method of analyzing sensor
data to identify estimated regions of the objects detected
behind an opaque surface according to aspects of the
present invention. In the exemplary embodiment of FIG.
9B, in block 912, the method analyzes the sensor data to
identify a first measured region for a wood stud, and
reducing the first measured region by a first program-
mable percentage to derive afirst estimated region for the
wood stud. In block 914, the method analyzes the sensor
data to identify a second measured region for a metal
object, and enlarging the second measured region by a
second programmable percentage to derive a second
estimated region for the metal object.

[0055] According to aspects of the present disclosure,
the methods performed in block 912 and block 914 may
additionally or optionally include the methods performed
in block 916 and/or block 918. In block 916, the method
analyzes the sensor data to identify a third measured
region for an electrical wire, and enlarging the third
measured region by a third programmable percentage
to derive a third estimated region for the electrical wire. In
block 918, the method adds programmable safety mar-
gins to the corresponding estimated regions in accor-
dance with variations of an operating environment, where
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the variations of the operating environment include var-
iations in temperature, humidity, material of the opaque
surface, or some combination thereof.

[0056] FIG. 9C illustrates a method of informing a user
of the objects detected behind an opaque surface ac-
cording to aspects of the present invention. In the ex-
ample shown in FIG. 9C, the method described in either
block 922 or block 924 may be performed. In block 922,
the method prevents display of information in the overlap
region. In block 924, the method selectively displays the
first type of material, the second type of material, or both
types of material in the overlap region.

[0057] Itwillbe appreciated thatthe above descriptions
for clarity have described embodiments of the invention
with reference to different functional units and controllers.
[0058] The invention can be implemented in any sui-
table form, including hardware, software, firmware, or
any combination of these. The invention may optionally
be implemented partly as computer software running on
one or more data processors and/or digital signal pro-
cessors, along with the hardware components described
above. The elements and components of an embodiment
of the invention may be physically, functionally, and lo-
gically implemented in any suitable way. Indeed, the
functionality may be implemented in a single unit, in a
plurality of units, or as part of other functional units. As
such, the invention may be implemented in a single unitor
may be physically and functionally distributed between
different units and processors/controllers.

[0059] One skilled in the relevant art will recognize that
many possible modifications and combinations of the
disclosed embodiments may be used, while still employ-
ing the same basic underlying mechanisms and meth-
odologies. The foregoing description, for purposes of
explanation, has been written with references to specific
embodiments. However, the illustrative discussions
above are not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifica-
tions and variations are possible in view of the above
teachings. The embodiments were chosen and de-
scribed to explain the principles of the invention and their
practical applications, and to enable others skilled in the
art to best utilize the invention and various embodiments
with various modifications as suited to the particular use
contemplated.

Claims

1. A system for differentiating one or more objects
detected behind an opaque surface, comprising:

a plurality of sensors (804 ,806, 808), controlled
by one or more processors (802), configured to
collectin parallel, sensor data of the one or more
objects behind an opaque surface;

the one or more processors are configured to
analyze the sensor data to identify estimated
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regions of the one or more objects behind the
opaque surface;

the one or more processors are further config-
ured to differentiate the estimated regions of the
one or more objects behind the opaque surface;
and

the one or more processors are further config-
ured to inform a user, via a user interface (810),
of the one or more objects within the estimated
regions behind the opaque surface;
characterized in that

the one or more processors are further config-
ured to: analyze the sensor data to identify a first
measured region for a wood stud, and reduce
the first measured region by a first programma-
ble percentage to derive a first estimated region
for the wood stud; and analyze the sensor data
to identify a second measured region for a metal
object, and enlarge the second measured re-
gion by a second programmable percentage to
derive a second estimated region for the metal
object.

2. The system of claim 1,

wherein the plurality of sensors comprise at
least a first set of sensors configured to detect
a first type of material and a second set of
sensors configured to detect a second type of
material; and

wherein the estimated regions include a first
estimated region of the first type of material
and a second estimated region of the second
type of material.

3. The system of claim 2,

wherein the first set of sensors includes one or
more capacitive sensors and the first type of
material include wood studs; and

wherein the second set of sensors includes one
or more metal sensors and the second type of
material include metal objects.

4. The system of claim 2,
wherein the plurality of sensors further comprise a
third set of sensors configured to detect a third type of
material; wherein the third set of sensors includes
one or more current sensors and the third type of
material include electrical wires.

5. The system of claim 1, wherein the one or more
processors are further configured to:
map the sensor data of the one or more objects
behind the opaque surface with respectto acommon
reference point.

6. The system of claim 1, wherein the one or more
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processor is further configured to:

analyze the sensor data to identify a third measured
region for an electrical wire, and enlarge the third
measured region by a third programmable percen-
tage to derive a third estimated region for the elec-
trical wire.

The system of claim 1, wherein the one or more
processor is further configured to:

add programmable safety margins to the corre-
sponding estimated regions in accordance with var-
iations of an operating environment, wherein the
variations of the operating environment include var-
iations in temperature, humidity, material of the opa-
que surface, or some combination thereof.

The system of claim 1, wherein the one or more
processors are further configured to:

determine an overlap region between the first esti-
mated region and the second estimated region.

The system of claim 8, wherein the one or more
processors are further configured to:

prevent display of information in the overlap
region; or

selectively display the first type of material, the
second type of material, or both types of material
in the overlap region.

A method for differentiating one or more objects
detected behind an opaque surface, comprising:

collecting (902), in parallel, sensor data of the
one or more objects behind an opaque surface,
by a plurality of sensors controlled by one or
more processors;

analyzing (904), by the one or more processors,
the sensor data to identify estimated regions of
the one or more objects behind the opaque
surface;

differentiating (906), by the one or more proces-
sors, the estimated regions of the one or more
objects behind the opaque surface; and
informing (908) a user, by the one or more
processors via a user interface, of the one or
more objects within the estimated regions be-
hind the opaque surface;

characterized by further comprising:

analyzing the sensor data to identify a first
measured region for a wood stud, and re-
ducing the first measured region by a first
programmable percentage to derive a first
estimated region for the wood stud;

and analyzing the sensor data to identify a
second measured region for a metal object,
and enlarging the second measured region
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by a second programmable percentage to
derive a second estimated region for the
metal object.

The method of claim 10,

wherein the plurality of sensors comprise at
least a first set of sensors configured to detect
a first type of material and a second set of
sensors configured to detect a second type of
material; and

wherein the estimated regions include a first
estimated region of the first type of material
and a second estimated region of the second
type of material.

The method of claim 11,

wherein the first set of sensors includes one or
more capacitive sensors and the first type of
material include wood studs; and

wherein the second set of sensors includes one
or more metal sensors and the second type of
material include metal objects.

The method of claim 11,

wherein the plurality of sensors further comprise a
third set of sensors configured to detect a third type of
material; wherein the third set of sensors includes
one or more current sensors and the third type of
material include electrical wires.

The method of claim 10, wherein collecting sensor
data comprises:
mapping the sensor data of the one or more objects
behind the opaque surface with respectto a common
reference point.

The method of claim 10, further comprising:
analyzing the sensor data to identify a third mea-
sured region for an electrical wire, and enlarging the
third measured region by a third programmable per-
centage to derive a third estimated region for the
electrical wire.

The method of claim 10, wherein analyzing the sen-
sor data to identify estimated regions of the one or
more objects further comprises:

adding programmable safety margins to the corre-
sponding estimated regions in accordance with var-
iations of an operating environment, wherein the
variations of the operating environment include var-
iations in temperature, humidity, material of the opa-
que surface, or some combination thereof.

The method of claim 10, wherein the differentiating
comprises:
determining an overlap region between the first es-
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timated region and the second estimated region.

18. The method of claim 17, wherein informing the user

comprises:

preventing display of information in the overlap
region; or

selectively displaying the first type of material,
the second type of material, or both types of
material in the overlap region.

Patentanspriiche

Ein System zum Unterscheiden eines oder mehrerer
Objekte, die hinter einer undurchsichtigen Oberfla-
che erkannt werden, das Folgendes aufweist:

eine Vielzahl von Sensoren (804, 806, 808), die
von einem oder mehreren Prozessoren (802)
gesteuert werden und so konfiguriert sind, dass
sie parallel Sensordaten des einen oder der
mehreren Objekte hinter einer undurchsichtigen
Oberflache sammeln;

der eine oder die mehreren Prozessoren ferner
so konfiguriert sind, dass sie die geschatzten
Bereiche des einen oder der mehreren Objekte
hinter der undurchsichtigen Oberfladche unter-
scheiden; und

der eine oder die mehreren Prozessoren ferner
so konfiguriert sind, dass sie einen Benutzer
Uber eine Benutzerschnittstelle (810) Gber das
eine oder die mehreren Objekte innerhalb der
geschéatzten Bereiche hinter der undurchsichti-
gen Oberflache informieren;

dadurch gekennzeichnet, dass

der eine oder die mehreren Prozessoren ferner
konfiguriert sind, um: die Sensordaten zu ana-
lysieren, um einen ersten gemessenen Bereich
fir einen Holzbalken zu identifizieren, und den
ersten gemessenen Bereich um einen ersten
programmierbaren Prozentsatz zu reduzieren,
um einen ersten geschatzten Bereich fiir den
Holzbalken abzuleiten; und die Sensordaten zu
analysieren, um einen zweiten gemessenen Be-
reich fir ein Metallobjekt zu identifizieren, und
den zweiten gemessenen Bereich um einen
zweiten programmierbaren Prozentsatz zu ver-
gréRern, um einen zweiten geschatzten Bereich
fiir das Metallobjekt abzuleiten.

2. System nach Anspruch 1,

wobei die Vielzahl von Sensoren mindestens
einen ersten Satz von Sensoren, die so konfigu-
riert sind, dass sie eine erste Art von Material
erfassen, und einen zweiten Satz von Sensoren
aufweist, die so konfiguriert sind, dass sie eine
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zweite Art von Material erfassen; und

wobei die geschatzten Bereiche einen ersten
geschatzten Bereich der ersten Art von Material
und einen zweiten geschatzten Bereich der
zweiten Art von Material aufweisen.

3. System nach Anspruch 2,

wobei der erste Satz von Sensoren einen oder
mehrere kapazitive Sensoren aufweist und der
erste Materialtyp Holzstéander aufweist; und
wobei der zweite Satz von Sensoren einen oder
mehrere Metallsensoren aufweist und der zwei-
te Materialtyp Metallobjekte aufweist.

System nach Anspruch 2,

wobei die Vielzahl von Sensoren ferner einen dritten
Satz von Sensoren aufweist, die so konfiguriert sind,
dass sie eine dritte Art von Material erfassen; wobei
der dritte Satz von Sensoren einen oder mehrere
Stromsensoren aufweist und die dritte Art von Mate-
rial elektrische Drahte aufweist.

System nach Anspruch 1, wobei der eine oder die
mehreren Prozessoren ferner so konfiguriert sind,
dass sie:

die Sensordaten des einen oder der mehreren Ob-
jekte hinter der undurchsichtigen Oberflache in Be-
zug auf einen gemeinsamen Referenzpunkt abbil-
den.

System nach Anspruch 1, wobei der eine oder die
mehreren Prozessoren ferner so konfiguriert sind,
dass sie:

die Sensordaten analysieren, um einen dritten ge-
messenen Bereich fir einen elektrischen Draht zu
identifizieren, und den dritten gemessenen Bereich
um einen dritten programmierbaren Prozentsatz zu
vergroRern, um einen dritten geschatzten Bereich
fur den elektrischen Draht abzuleiten.

System nach Anspruch 1, wobei der eine oder die
mehreren Prozessoren ferner so konfiguriert sind,
dass sie:

programmierbare Sicherheitsmargen zu den ent-
sprechenden geschatzten Bereichen in Uberein-
stimmung mit Variationen einer Betriebsumgebung
hinzufligen, wobei die Variationen der Betriebsum-
gebung Variationen in der Temperatur, der Feuch-
tigkeit, dem Material der undurchsichtigen Oberfla-
che oder einer Kombination davon aufweisen.

System nach Anspruch 1, wobei der eine oder die
mehreren Prozessoren ferner so konfiguriert sind,
dass sie:

einen Uberlappungsbereich zwischen dem ersten
geschéatzten Bereich und dem zweiten geschatzten
Bereich bestimmen.
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System nach Anspruch 8, wobei der eine oder die
mehreren Prozessoren ferner so konfiguriert sind,
dass sie:

die Anzeige von Informationen im Uberlap-
pungsbereich verhindern oder

den ersten Materialtyp, den zweiten Materialtyp
oder beide Materialtypen selektiv im Uberlap-
pungsbereich anzeigen.

Ein Verfahren zum Unterscheiden eines oder meh-
rerer Objekte, die hinter einer undurchsichtigen Fla-
che erfasst werden, das Folgendes aufweist:

paralleles Erfassen (902) von Sensordaten des
einen oder der mehreren Objekte hinter einer
undurchsichtigen Flache durch eine Vielzahl
von Sensoren, die durch einen oder mehrere
Prozessoren gesteuert werden;

Analysieren (904) der Sensordaten durch den
einen oder die mehreren Prozessoren, um ge-
schétzte Bereiche des einen oder der mehreren
Objekte hinter der undurchsichtigen Flache zu
identifizieren;

Unterscheiden (906) der geschatzten Bereiche
des einen oder der mehreren Objekte hinter der
undurchsichtigen Oberflache durch den einen
oder die mehreren Prozessoren; und
Informieren (908) eines Benutzers durch den
einen oder die mehreren Prozessoren Uber eine
Benutzerschnittstelle Uber das eine oder die
mehreren Objekte innerhalb der geschatzten
Bereiche hinter der undurchsichtigen Oberfla-
che;

dadurch gekennzeichnet, dass es ferner Fol-
gendes aufweist:

Analysieren der Sensordaten, um einen ersten
gemessenen Bereich fir einen Holzbalken zu
identifizieren, und Reduzieren des ersten ge-
messenen Bereichs um einen ersten program-
mierbaren Prozentsatz, um einen ersten ge-
schatzten Bereich fur den Holzbalken abzulei-
ten; und Analysieren der Sensordaten, um ei-
nen zweiten gemessenen Bereich flr ein Metall-
objekt zu identifizieren, und Vergréfern des
zweiten gemessenen Bereichs um einen zwei-
ten programmierbaren Prozentsatz, um einen
zweiten geschatzten Bereich fir das Metallob-
jekt abzuleiten;

Verfahren nach Anspruch 10,

wobei die Vielzahl von Sensoren mindestens
einen ersten Satz von Sensoren, die so konfigu-
riert sind, dass sie eine erste Art von Material
erfassen, und einen zweiten Satz von Sensoren
aufweist, die so konfiguriert sind, dass sie eine
zweite Art von Material erfassen; und

10

20

25

30

35

40

45

50

55

13

EP 4 066 221 B1

12,

13.

14.

15.

16.

17.

18.

24

wobei die geschatzten Bereiche einen ersten
geschatzten Bereich der ersten Art von Material
und einen zweiten geschatzten Bereich der
zweiten Art von Material aufweisen.

Das Verfahren nach Anspruch 11,

wobei der erste Satz von Sensoren einen oder
mehrere kapazitive Sensoren aufweist und der
erste Materialtyp Holzstéander aufweist; und
wobei der zweite Satz von Sensoren einen oder
mehrere Metallsensoren aufweist und der zwei-
te Materialtyp Metallobjekte aufweist.

Verfahren nach Anspruch 11,

wobei die Vielzahl von Sensoren ferner einen dritten
Satz von Sensoren aufweist, die so konfiguriert sind,
dass sie eine dritte Art von Material erfassen; wobei
der dritte Satz von Sensoren einen oder mehrere
Stromsensoren aufweist und die dritte Art von Mate-
rial elektrische Drahte aufweist.

Verfahren nach Anspruch 10, wobei das Sammeln
von Sensordaten Folgendes aufweist:

Zuordnen der Sensordaten des einen oder der meh-
reren Objekte hinter der undurchsichtigen Oberfla-
che in Bezug auf einen gemeinsamen Referenz-
punkt.

Das Verfahren nach Anspruch 10, das ferner Folgen-
des aufweist:

Analysieren der Sensordaten, um einen dritten ge-
messenen Bereich fiir einen elektrischen Draht zu
identifizieren, und VergrofRern des dritten gemesse-
nen Bereichs um einen dritten programmierbaren
Prozentsatz, um einen dritten geschatzten Bereich
fur den elektrischen Draht abzuleiten.

Das Verfahren nach Anspruch 10, wobei das Ana-
lysieren der Sensordaten, um geschatzte Bereiche
des einen oder der mehreren Objekte zu identifizie-
ren, ferner Folgendes aufweist:

Hinzufliigen programmierbarer Sicherheitsabstande
zu den entsprechenden geschatzten Bereichen in
Ubereinstimmung mit Variationen einer Betriebsum-
gebung, wobei die Variationen der Betriebsumge-
bung Variationen in der Temperatur, der Feuchtig-
keit, dem Material der undurchsichtigen Oberflache
oder einer Kombination davon aufweisen.

Verfahren nach Anspruch 10, wobei das Unterschei-
den aufweist:

Bestimmen eines Uberlappungsbereichs zwischen
dem ersten geschatzten Bereich und dem zweiten
geschatzten Bereich.

Verfahren nach Anspruch 17, wobei das Informieren
des Benutzers aufweist:
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Verhindern der Anzeige von Informationen in
dem Uberlappungsbereich; oder

selektives Anzeigen des ersten Materialtyps,
des zweiten Materialtyps oder beider Material-
typen in dem Uberlappungsbereich.

Revendications

Systéme destiné a différencier un ou plusieurs objets
détectés derriére une surface opaque, comprenant :

une pluralité de capteurs (804, 806, 808),
commandée par un ou plusieurs processeurs
(802), configurée pour collecter en paralléle des
données de capteur des un ou plusieurs objets
derriere une surface opaque ;

les un ou plusieurs processeurs sont configurés
pour analyser les données de capteur pour
identifier des régions estimées des un ou plu-
sieurs objets derriére la surface opaque ;

les un ou plusieurs processeurs sont en outre
configurés pour différencier les régions esti-
mées des un ou plusieurs objets derriere la
surface opaque ; et

les un ou plusieurs processeurs sont en outre
configurés pour informer un utilisateur, par I'in-
termédiaire d’'une interface utilisateur (810), des
un ou plusieurs objets a I'intérieur des régions
estimées derriére la surface opaque, ;
caractérisé en ce que

les un ou plusieurs processeurs sont en outre
configurés pour : analyser les données de cap-
teur pouridentifier une premiére région mesurée
pour un montant en bois, et réduire la premiere
région mesurée d’'un premier pourcentage pro-
grammable pour dériver une premiére région
estimée pour le montant en bois ; et analyser
les données de capteur pour identifier une deu-
xiéme région mesurée pour un objet métallique,
et agrandir la deuxieme région mesurée d'un
deuxieme pourcentage programmable pour dé-
river une deuxiéme région estimée pour l'objet
métallique.

2. Systéme selon la revendication 1,

danslequellapluralité de capteurs comprend au
moins un premier ensemble de capteurs confi-
gurés pour détecter un premier type de matériau
et un deuxiéme ensemble de capteurs configu-
rés pour détecter un deuxieme type de matériau;
et

dans lequel les régions estimées comportent
une premiére région estimée du premier type
de matériau et une deuxiéme région estimée du
deuxiéme type de matériau.
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3. Systeme selon la revendication 2,

dans lequel le premier ensemble de capteurs
comporte un ou plusieurs capteurs capacitifs et
le premier type de matériau inclut des montants
en bois ; et

dans lequel le deuxiéme ensemble de capteurs
comporte un ou plusieurs capteurs métalliques
etle deuxiéme type de matériau inclutdes objets
métalliques.

Systéme selon la revendication 2,

dans lequel la pluralité de capteurs comprend en
outre un troisieme ensemble de capteurs configurés
pour détecter un troisiéme type de matériau ; dans
lequel le troisieme ensemble de capteurs comporte
un ou plusieurs capteurs de courant et le troisieme
type de matériau inclut des fils électriques.

Systéme selon la revendication 1, dans lequel les un
ou plusieurs processeurs sont en outre configurés
pour :

cartographier les données de capteur des un ou
plusieurs objets derriére la surface opaque par rap-
port a un point de référence commun.

Systéeme selon la revendication 1, dans lequel les un
ou plusieurs processeurs sont en outre configurés
pour :

analyser les données de capteur pour identifier une
troisiéme région mesurée pour un fil électrique, et
agrandir la troisiéme région mesurée d’un troisieme
pourcentage programmable pour dériver une troi-
siéme région estimée pour le fil électrique.

Systéme selon larevendication 1, dans lequel les un
ou plusieurs processeurs sont en outre configurés
pour :

ajouter des marges de sécurité programmables aux
régions estimées correspondantes en fonction des
variations d’'un environnement de fonctionnement,
dans lequel les variations de I'environnement de
fonctionnement comportent des variations de tem-
pérature, d’humidité, de matériau de la surface
opaqgue ou une combinaison de celles-ci.

Systéme selon la revendication 1, dans lequel les un
ou plusieurs processeurs sont en outre configurés
pour :
déterminer une région de chevauchement entre la
premiére région estimée et la deuxiéme région esti-
mée.

Systéme selon larevendication 1, dans lequel les un
ou plusieurs processeurs sont en outre configurés

pour :

empécher I'affichage d’informations dans la ré-
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gion de chevauchement ; ou

afficher sélectivement le premier type de maté-
riau, le deuxiéme type de matériau ou les deux
types de matériau dans la région de chevau-
chement.

10. Procédé de différenciation d’un ou de plusieurs ob-

jets détectés derriere une surface opaque, compre-
nant :

la collecte (902), en paralléle, de données de
capteur des un ou plusieurs objets derriére une
surface opaque, par une pluralité de capteurs
commandée par un ou plusieurs processeurs ;
I'analyse (904), par les un ou plusieurs proces-
seurs, des données de capteur pour identifier
des régions estimées des un ou plusieurs objets
derriere la surface opaque ;

la différenciation (906), par les un ou plusieurs
processeurs, des régions estimées des un ou
plusieurs objets derriére la surface opaque ; et
l'information (908) d’un utilisateur, par les un ou
plusieurs processeurs par I'intermédiaire d’'une
interface utilisateur, des un ou plusieurs objets a
l'intérieur des régions estimées derriére la sur-
face opaque ;

caractérisé en ce qu’il comprend en outre :
I'analyse des données de capteur pour identifier
une premiére région mesurée pour un montant
en bois, et la réduction de la premiére région
mesurée d’'un premier pourcentage program-
mable pour obtenir une premiére région estimée
pour le montant en bois ; et I'analyse des don-
nées de capteur pour identifier une deuxiéme
région mesurée pour un objet métallique, et
I'agrandissement de la deuxiéme région mesu-
rée d’'un deuxiéme pourcentage programmable
pour dériver une deuxiéme région estimée pour
I'objet métallique.

11. Procédé selon la revendication 10,

danslequellapluralité de capteurs comprend au
moins un premier ensemble de capteurs confi-
gurés pour détecter un premier type de matériau
et un deuxiéme ensemble de capteurs configu-
rés pour détecter un deuxieme type de matériau;
et

dans lequel les régions estimées comportent
une premiére région estimée du premier type
de matériau et une deuxiéme région estimée du
deuxieme type de matériau.

12. Procédé selon la revendication 11,

dans lequel le premier ensemble de capteurs
comporte un ou plusieurs capteurs capacitifs et
le premier type de matériau inclut des montants

10

15

20

25

30

35

40

45

50

55

15

EP 4 066 221 B1

13.

14.

15.

16.

17.

18.

28

en bois ; et
dans lequel le deuxiéme ensemble de capteurs
comporte un ou plusieurs capteurs métalliques
etle deuxiéme type de matériau inclutdes objets
métalliques.

Procédé selon la revendication 11,

dans lequel la pluralité de capteurs comprend en
outre un troisieme ensemble de capteurs configurés
pour détecter un troisieme type de matériau ; dans
lequel le troisieme ensemble de capteurs comporte
un ou plusieurs capteurs de courant et le troisieme
type de matériau inclut des fils électriques.

Procédé selon la revendication 10, dans lequel la
collecte de données de capteur comprend :

la cartographie des données de capteur des un ou
plusieurs objets derriére la surface opaque par rap-
port a un point de référence commun.

Procédé selon la revendication 10, comprenant en
outre :

I'analyse des données de capteur pour identifier une
troisieme région mesurée pour un fil électrique, et
I'agrandissement de la troisieme région mesurée
d’un troisieme pourcentage programmable pour dé-
river une troisiéme région estimée pour le fil élec-
trique.

Procédé selon la revendication 10, dans lequel I'a-
nalyse des données de capteur pour identifier des
régions estimées des un ou plusieurs objets
comprend en outre :

I'ajout de marges de sécurité programmables aux
régions estimées correspondantes en fonction de
variations d’'un environnement de fonctionnement,
dans lequel les variations de I'environnement de
fonctionnement comportent des variations de tem-
pérature, d’humidité, de matériau de la surface
opague ou une combinaison de celles-ci.

Procédé selon la revendication 10, dans lequel la
différenciation comprend :

la détermination d’'une région de chevauchement
entre la premiére région estimée et la deuxiéme
région estimée.

Procédé selon la revendication 17, dans lequel I'in-
formation de I'utilisateur comprend :

l'interdiction de I'affichage d’'informations dans
la région de chevauchement ; ou

I'affichage sélectif du premier type de matériau,
le deuxieme type de matériau ou les deux types
de matériau dans la région de chevauchement.
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